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There a re  two basic purposes for t h i s  document. One i s  t o  present 
and apply a technique f o r  defining the locat ion of the  Eccentric Orbiting 
Geophysical Observatory (EGO), S-49 i n  the  gegenschein reference frame. 
The gegenschein reference frame i s  an orthogonal coordinate system with 
i t s  or ig in  a t  the center of the  earth and i t s  fundamental plane lying i n  
the  e c l i p t i c  plane with one of the  axes i n  t h i s  plane pointing d i r e c t l y  
away from the  sun. 
A second purpose f o r  t h i s  document i s  t o  predict  an operational 
schedule f o r  the gegenschein experiment. 
t o l e r a t e  d i r e c t  o r  re f lec ted  sunlight. 
i s  placed on the darkside of the solar array, therefore,  d i r ec t  sunlight 
is  not a problem. 
i t s e l f  may come in to  the  f i e l d  o f  view of t he  gegenschein experiment. 
When t h i s  occurs the  experiment will have t o  be turned o f f .  A technique 
for computing when any of these ref lect ing bodies come in to  the f i e l d  of 
view of t he  experiment i s  developed here and applied. 
The experiment device cannot 
The gegenschein experiment packwe 
However, the earth, moon or appendages of the s a t e l l i t e  
The posi t ion of the s a t e l l i t e  in the  gegenschein coordinate system 
i s  a function of the  o r b i t  and posit ion of the  sun. The f i e l d  of view 
problem.is a function of the  location of t he  s a t e l l i t e ,  ear th  and moon 
and so la r  a r r ay  position; the l a t t e r  because the  gegenschein experiment 
package ro t a t e s  with the  so l a r  array. 
As  a r e s u l t  of the application of these techniques, i n  computer 
programs, the  posi t ion i n  the gegenschein coordinate system versus time 
of t he  EGO i s  presented and a l so  an  operat ional  schedule as a function of  
so l a r  a r ray  angle. 
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INTRODUCTION 
The gegenschein phenomenon i s  a f a in t  nebulous l i g h t  which appears 
i n  t h a t  p a r t  of the  skywhich i s  opposite the  sun. Hence, it r i s e s  when 
t h e  sun s e t s  and reaches i t s  zenith a t  midnight. It seems t o  l i e  i n  the 
plane of t he  e c l i p t i c  and s t re tches  cut about 10' on e i t h e r  s ide of the anti- 
so l a r  direct ion.  The gegenschein i s  sometimes referred t o  as counterglow. 
An experiment i s  planned t o  make measurements of i n t ens i ty  and location 
of the  gegenschein. D r .  C .  L. Wolff and Dr. K. L. H a l l a m  of t he  Goddard 
Space F l ight  Center and Prof. Wyatt of the  University of I l l i n o i s  have a 
device on the  Eccentric Orbiting Geophysical Observatory (EGO, S-49) 
which w i l l  ca r ry  out these measurements. 
The EGO i s  the  f i r s t  i n  the ser ies  of Orbiting Geophysical Observatories, 
t he  CGO Program. 
naut ica l  miles. The primary objective of the OGO Program i s  t o  conduct 
la rge  numbers of s ign i f icant ,  divers i f ied experiments. The EGO w i l l  
ca r ry  twenty experiments, one of which i s  the gegenschein experiment (Refer- 
ence 1). 
It will have an apogee height i n  the  order of 80,000 
The purpose of t h i s  discussion i s  t o  show the  development of a 
"gegenschein coordinate system" and a technique f o r  calculat ing ce r t a in  
angles i n  space and on the  spacecraft. 
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I. GEGENSCHEIN COORDINATE SYSTEM 
Since t h e  gegenschein l i e s  opposite the sun, with respect t o  the  
earth,  it i s  convenient t o  have a coordinate system such t h a t  the  x-axis 
points toward the  gegenschein. If the  position of  the  s a t e l l i t e  i s  known 
i n  t h i s  reference frame then measurements of the  gegenschein by the s a t e l l i t e  
will define the  posi t ion of t he  gegenschein i n  space i n  the  gegenschein 
coordinate system. These measurements can then be transformed i n t o  a more 
conventional reference frame, such as ec l ip t i c  o r  equator ia l  coordinates. 
Consider the  sketch below f o r  a simplified representation of the  
geometry involved with the  problem. 
/ 
EARTH'S ORBIT-4  V \ S \ B L €  C&EUSCHElh\ 1 
/ / Figure 1 
L e t  the  plane of the page be the  ec l ip t ic  plane. The plane formed 
by the  ear th ' s  o rb i t  around the sun i s  the e c l i p t i c  plane. Then the  
plane formed by the  x and y axis i n  the sketch l i e s  i n  the e c l i p t i c  
plane. Consequently, the z - a x i s  of the gegenschein coordinate system 
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i s  normal t o  the e c l i p t i c  plane. Since the o r b i t  of the  EGO does 
n o t  l i e  i n  the e c l i p t i c  plane the s a t e l l i t e  will have, i n  general ,  a 
z component i n  the gegenschein coordinate system. 
When the s a t e l l i t e  i s  i n  o r b i t  the posi t ion of the s a t e l l i t e  will 
be known i n  the equator ia l  coordinate system. I n  t h i s  case the  ear th’s  
equator i s  the fundamental plane. Now, the  e c l i p t i c  and the equator ia l  
coordinate systems have one axis i n  common. This i s  the  axis formed by 
the  intersect ion of the equator ia l  and e c l i p t i c  planes. Since the  
gegenschein coordinate system and the  e c l i p t i c  system a lso  have an 
ax is  i n  common ( the  z-axis) then it i s  a matter of two ro ta t ions  t o  
transform from the equator ia l  coordinates t o  the  gegenschein coordinates, 
o r  vice versa. 
The transformation i s  car r ied  out i n  the following manner. 
Figure 2 
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Let x, yE, zE 
x, ye, z e  
= the principal axes in the equatorial system. 
= the principal axes in the ecliptic system. 
6 = the obliquity of the ecliptic. 
Consequently, the following relationship between the two systems is 
written. 
- 
1 0 0 
0 cos e -sin e 
0 sin e cos 8 
In shorthand matrix notation this is written as: 
C E = T C  
1 6  
- .  
X 
Z 
where C and C are threevectors representing the position of the E 6 
satellite in the equatorial and ecliptic respectively. T is the trans- 
1 
formation matrix. 
The relationship between the ecliptic and gegenschein systems can 
also be shown in a sketch. 
- 4 -  
Figure 3 
I n  t h i s  case the two systems are re la ted  by the following: 
cos e 
-sin 0 
0 
or  more simply as 
C = T C  
g . 2 c  
- 5 -  
s i n  0 
COS e 
0 :j 1 [;I 
where C = the position of the satellite in the gegenschein coordinate 
g 
system. 
T = the transformation matrix. 
2 
Since CE is known equation (1) can be solved for C and substituted 
e 
in equation l 2 )  to ~ C Z Y E  t h e  ~ G L L G K L ~ ~ .  
T - C = T I  ICE = TI CE because of orthogonality, therefore 
e 
T C = T T  CE 
g 2 1  
T Let T f T T 
2 1  
Then C = TCE. 
g 
~n its expanded form equation ( 3 )  appears as: 
cos e sin e cos e 
COS e COS e r -sin 8 
-sin 
( 3 )  
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AS a r e s u l t  of equation (4) the posi t ion of the  s a t e l l i t e  i s  
known i n  the gegenschein coordinate system. 
The value f o r  the obliquity,  c can be considered a constant. The 
mean value of the obl iqui ty  i s  given i n  the American Ephemeris and Nautical  
Almanac. For 1964, 8 = 23044397 (Reference 2.) The value f o r  8 can be 
- 
determined from the  posi t ion vector of the  Sun, 
sys tern. 
rs i n  the  e c l i p t i c  
8 
If F s  = (x, ye , z c )  
c 
If the f i r s t  term of ( 5 )  i s  l e s s  than n,then n i s  added; i f  the f i r s t  
term i s  g rea t e r  than n,then n i s  subtracted.  
r i g h t  ascension of the sun along the e c l i p t i c  plane and the a d s t i o n  o r  
The f i r s t  term defines the  
subtraction of n defines the an t i - so la r  d i rec t ion .  
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11. EARTH AND MOON ANGLES 
The gegenschein experiment device i s  quite sens i t ive  t o  l i g h t  
i n t ens i t i e s  because of the n a t u r e  of the  planned observations, and it 
cannot t o l e ra t e  d i r ec t  sunlight, earth albedo o r  moonlight. Sunlight 
re f lec ted  off of the spacecraft i t s e l f  o r  off  of any of the boom- 
mounted experiments may also cause damage t o  the experiment apparatus. 
Consequently, it i s  necessary to  know when the sun, earth, moon o r  any 
of the boom-mounted experiments -‘lE c a e  i z t s  t h e  f i e l d  of  view of 
the gegenschein experiment device. Direct sunlight can be ruled out 
as a problem because the experiment package i s  fastened on the dark 
s ide of the so la r  array.  
The posit ion of the earth, moon and boom-mounted experiments, 
however, must be known i n  order that  the gegenschein experiment may be 
turned off when any of these come in to  view. The use of a photo-sensitive 
device i s  not possible because of weight and r e l i a b i l i t y  considerations. 
The ear th  and moon angles are  measured from the s a t e l l i t e  and these 
are  defined as the angle between the ant i -solar  direct ion and ear th  o r  
moon respectively. The sketch below i l l u s t r a t e s  these angles 
SUN 
\ 
EARTH - 
ANTI- 
-b 
MOON / 
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Since the  coordinates of the  sun, moon and s a t e l l i t e  are  known 
i n  the  earth-equatorial  system it i s  a simple matter of vector subtract ion 
t o  reference the sun and moon from the  s a t e l l i t e .  
Let: F = vector from ear th  t o  s a t e l l i t e .  
V - 
= v e c t o r  from ear th  t o  sun. 
rS 
- r = v e c t o r  from ear th  t o  moon. m 
Then the  vector from the s a t e l l i t e  t o  the  sun o r  moon is: 
- - - - r - r vector from s a t e l l i t e  t o  sun 
= 7 - r vector from s a t e l l i t e  t o  moon. 
VJ 
v’ 
r 
SV S 
- - r mv m 
Unit vectors can be formed by: 
- r 
- -  sv , un i t  vector from s a t e l l i t e  t o  sun. - 
ITS. I usv - 
- - 1- 
mv - - -  , un i t  vector from s a t e l l i t e  t o  moon. ‘mv - - 
lrmv I 
I 
V - -  , un i t  vector from ear th  t o  s a t e l l i t e .  - 
l’v I uv 
Consequently, the  ea r th  angle, a and the  moon angle, B are:  
p = COS-’ {-gsv umv7 where 0’ 5 B 1.180~ 
The -Fv vector points t o  the  center of t he  earth. As a result 
it i s  possible t h a t  a portion of the ear th  can be i n  the f i e l d  of view. 
Th i s  w i l l  modify B by the angle 6 which i s  measured between a vector 
t o  the  center of the  ear th  and one t o  an edge. See the  sketch below. 
Figure 5 
The angle 6 i s  defined by: . 
where a i s  the radius of the ear th  E 
Therefore c: corrected f o r  the diameter of the  ear th  is: 
C 
a -  c -  “ - 6  
- 10 - 
111. SPACECRAFT ANGLES 
The angles between the gegenschein experiment device and the boom 
mounted experiments is done in a manner similar to the earth and moon 
angles. In this case the origin of the reference frame is the location 
of the gegenschein experiment package. 
Since the location of all the experiments are known in the OGO 
body coordinate system - (Reference 3: it is enough to consider these 
position coordinates as the components of vectors. 
If xi, yi, zi where i = 1, 2, 3 ,  .. . n 
n = the number of experiments 
are the coordinates of the experiments then 
- - - - 
r =  ix 3- jyi -I- kzi i i 
represents the position vectors of the experiments. 
Let 7 = the position vector of the gegenschien experiment. 
g 
Then the position of all the experiments can be referenced from the 
gegenschein experiment by: 
- 
(10) 
It is necessary to take into consideration that the s o l a r  array rotates 
with respect to the main structure of the satellite. Consequently, the 
position vector 5 is a function of the solar array angle, cp. The solar 
array angle, CP is the angle between the normal to the solar cell side of the 
solar array and the y-axis in the box coordinate system. 
g 
See figure 6 on 
page 18. 
Let F =position vector for ‘1 = 0 .  
go 
- u -  
Then the posi t ion vector, r (u)) fo r  any U) i s  given by: 
g 
(Reference 3) 
By subst i tut ing (11) i n t o  (10) the posi t ion vectors from the  gegenschei 
experiment of all the  experiments i s  determined f o r  all ~ p .  
The normal t o  the  gegenschein experiment i s  defined as: 
- 
N = ( 0 ,  - cos u), s i n  q) 
g 
To f ind the  angles, y between the  gegenschein experiment and the 
ither experiments it i s  simply necessary t o  conduct another dot product. 
yi = cos ” [Eig * 7 where 0’ 5 yi 180’ 
€3 
111) 
(12) 
- 12 - 
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N. C O ~ P R C G R A M S  
Two computer programs are  involved with the solutions t o  the 
equations presented i n  preceding sections. 
EGO" program (Reference 3) and the other was wri t ten spec i f ica l ly  t o  
solve these problems. 
gegenschein coordinate system and the ear th  and moon angles. 
of EGO program a l s o  computes the solar ar ray  angle, t he  OPEP angle and 
the distance of the s a t e l l i t e  from the  ear th .  
One i s  a modified "Shades of  
The Shades of EGO progrm i s  used t o  compute the 
The Shades 
The experiment angles a re  computed i n  a separate independent program. 
Abbreviated flow charts of the logic f o r  the two programs a re  shown on the  
next two pages. 
- 13 - 
MODIFUD SHADES OF EGO PROGRAM 
+ Star t  
- I  
Definition of  orbit 
and launch dates. 
Compute G, Equation ( 5 ) .  
Compute coordinates i n  the I 
I- I Gegenschein System, Equation (4). 
Compute , 
Equation ( 6 ) .  
Equation (7 ) .  I 
Compute uc 
Equation ( 8 )  
* From main program. 
- 14 - 
SPACECRAFT ANGLES 
+ Start 
Define experiment 
vectors, input. 
I Compute F (c+o) g 
Equation (11).  
Re-define experiment vec t0i-s 
from F lV) equation (10). 
Q 
Compute . , equations (12, 13). 
1 
Printout y i  versus ep I 
- 15 - 
The Modified Shades of EGO Program i s  a numerical integrat ion 
computer program. 
4) which makes use of a modified Encke method of o r b i t  analysis .  
i s  a general purpose interplanetary program. 
orbi t ing body i s  "flown" around the  o r b i t  i n  d i scre te  time steps.  
Modified Shades of EGO Program i s  used i n  conjunction w i t h  ephemeris 
tapes which contain the posi t ions of, among other c e l e s t i a l  bodies, the  
sun and moon. As  a result the  ear th  and moon angles a r e  computed. The 
Shades of EGO Program contains techniques f o r  computing the  solar a r ray  
angle and OPEP angles consequently these a re  not shown inr the  flow chart .  
These, however, are  described i n  Reference 3. 
It i s  an adaptation of the ITEM program (Reference 
ITEM 
I n  such a program the  
The 
- 2 . 6 -  
V. THE EGO ORBIT AND EXPER= LOCATIONS 
The EGO, S-49 will be placed in to  a high eccen t r i c i ty  o r b i t  with 
The in jec t ion  conditions an apogee about 80,000 naut ical  miles high. 
f o r  the EGO a re  assumed t o  be the  same as the  Agena burnout conditions. 
See Reference 5. 
TAB-LE I 
I EGO INJECTION CONDITIONS 
Geocentric l a t i t u d e  
Long i tude 
Height 
Speed 
Azimuth 
20?744573 S 
111?11923 E 
279.2517 km 
10.716286 km per  sec 
66? 44 59 86 
Fl igh t  Path Angle 1?452111 
The c l a s s i c a l  o r b i t a l  elements associated with these in j ec t ion  conditions 
a re  shown below. These elements are the  osculating elements taken a t  
approximately apogee with the exception of t he  r i g h t  ascension of the 
ascending node, awhich i s  t h a t  of inject ion.  
. 
- 17 - 
TABU I1 
EGO ORBITAL ELENENTS 
AT FIRST APOGEE 
a 12.63422 ear th  r a d i i  
e 91701983 
i 31?020115 
w 
R 138?07048 ( in jec t ion)  
EPOCH Ju ly  25, 1964 3.0 hrs. U.T. 
The location of the  boom-mounted experiments and the  gegenschein experi 
ment a re  shown i n  the Table I11 below. These are  given i n  the box- 
coordinate system. I n  t h i s  system the center of g rav i ty  of the  spacecraft  
i s  chosen as the or ig in .  The box coordinate system and the  solar a r ray  
angle, U) are shown i n  the sketch below. 
,,,& 8 
y .  -AX 
TABLE I11 
Experiment No.  
E ;  P. 1 
E .  P. 2 
E. F. 3 
E. P. 4 
E. P. 5 Ledge 
E.  P. 6 
OPEP 1 
OPEP 2 
Gegenschein Exp. 
X Y Z 
( inches) (inches) ( inches) 
-74.2 
49.9 
-12.7 
20.6 
67.2 
-6.7 
-.2 
-.2 
106 .g 
91.1 
100.1 
103.1 
-94.4 
321.0 
-288.9 
43.1 
43.1 
-1.3 
12.3 
15.3 
-4.2 
-19.2 
-25.2 
-16.7 
45.8 
-45.8 
3.0 
I n  the  case of E.P. 5 the coordinates of t he  edge most l i k e l y  t o  come 
i n t o  t h e  f i e l d  of v i e w  o f  the gegenschein experiment a re  given. 
coordinates of the  gegenschein are given f o r  the  s o l a r  a r ray  angle, 
U) = 0. 
CD are given by equation (11). 
The 
The coordinates of the  gegenschein experiment package fo r  any 
- 19 - 
V I .  RESULTS AND DISCUSSION 
1. Gegenschein Coordinate System 
The locat ion of the EGO, S-49 spacecraft i n  the  gegenschein 
coordinate system as a function of time i s  determined according t o  
transformations developed i n  Section I of t h i s  document. 
a re  s h o ~ n  i n  Appendix -4. The launch dates selected f o r  this  inves t i -  
These data 
gat ion a re  chosen i n  accordance t o  the launch time r e s t r a i n t s  imposed 
on the EGO, S-49. These r e s t r a i n t s  are discussed i n  Reference 7. The 
launch times used for the  development of the gegenschein o r b i t a l  para- 
meters and operation schedule a re  the following. 
Year Month Day Hours (U.T.) 
1964 Septembe 1: 
4 I 0100 0400 0100 0330 0100 
0300 
Results a re  shown f o r  the first orbi t ,  fo r  an o r b i t  30 days a f t e r  
launch and f i n a l l y  f o r  an o r b i t  60 days a f t e r  launch. 
The coordinates i n  the gegenschein system a re  a function of f l i g h t  
time and also a function of the date s ince the  posi t ion of the  sun defines  
the  gegenschein axis system. 
- 20 - 
2. Earth and Moon Angles 
The earth and moon angles ( c y c  and p )  as functions of time are  
shown i n  Appendix B. These were computed f o r  the same launch dates 
as chosen f o r  the gegenschein coordinate system study (see page 20). 
Results are shown i n  Appendix B for  the ear th  and moon angles f o r  the 
f i r s t  two orbits,  f o r  two o rb i t s  30 days a f t e r  in jec t ion  and f o r  two 
o rb i t s  60 days a f t e r  in jec t ion ,  
i n t o  the f i e ld  of view of the gegenschein experiment the experiment w i l l  have 
t o  be turned off .  
approximately 15'. 
f o r  ear th  o r  moon angles of 15' o r  l e s s .  
If e i the r  the ear th  o r  the moon come 
The half  angle of the f i e l d  of view of the experiment i s  
Consequently, "off I f  time i s  indicated f o r  the experiment 
The earth and moon angles are  functions of f l i g h t  t i m e  and date. 
moon angle has a grea te r  da i ly  r a t e  of change than the ear th  angle simply 
because t h e  moon i s  orbit ing the e w t h  whereas the ear th  angle's da i ly  r a t e  
of change is  a function of the ear th ' s  o r b i t a l  posi t ion around the sun. 
The 
3 .  Spacecraft Angles 
The spacecraft angles, y.  a re  d i r ec t ly  re la ted  t o  the so la r  a r ray  
1 
angle. Consequently, it i s  suf f ic ien t  t o  know the angles between the 
normal t o  the gegenschein and the other experiments so le ly  as a function 
o f  the solar a r ray  angle. 
package comes in to  the f i e l d  of view of the gegenschein experiment then, 
as  before, t h i s  indicates an "off" time. 
w i l l  be known from telemetry when the s a t e l l i t e  i s  i n  o r b i t .  Predictions 
of the solar a r ray  angles have been made i n  the launch window analysis 
f o r  the EGO orbi t ,  Reference 8. 
If a t  a cer ta in  so la r  a r ray  angle an experiment 
The ac tua l  so la r  a r ray  angle 
- 2 1 -  
The computer output fo r  the spacecraft angles i s  shown i n  Appendix 
The words "NO GO" are  pr inted i n  front of the solar asray angles C.  
f o r  which other experiments come in to  the f i e l d  of view of the gegenschein. 
The specif ic  experiment i n  view i n  a "NO GO" case i s  indicated by an 
as te r i sk .  I n  the printout shown i n  Appendix B the half  angle of the 
f l z l d  of vi.ew vzs. C ~ O S P L ~ ~  2s 150i The half angle i s  an input quantity, 
consequently the "NO GO" solar ar ray  angles axe f'unctions of the f i e l d  
of view. The Appendix C r e su l t s  show t h a t  fo r  the 15' half  angle f i e l d  
of view c r i t e r ion  the solar  axray angles between 170' and 1-98' have the 
E.P. 5 (edge) experiment coming in to  the f i e l d  of view. 
- 22 - 
ORBITAL POSITION OF EGO 
i n  the  
GEGENSCHEIN COORDINmE SYSTEM 
I -  
TABLES FOR APPENDIX A 
Orbital Posi t ion of EGO i n  the  Gegenschein Coordinate System 
Table A-1  
Table A-2 
Table A-3 
Table A-4 
Table A-5 
Table A-6 
Table A-7 
Table A-8  
Table A-9 
Table A-10 
Table A - 1 1  
Table A-12 
Table A-13 
Table A-14 
Table A-15 
Table A-16 
Table A-17 
Table A-18 
d h m s  F i r s t  o r b i t  ( In j ec t ion  time, U.  T. = 248 1 0 0 , 1964). 
One o r b i t  ( In jec t ion  time f o r  A - 1  f 30 days f l i g h t  t ime).  
One o r b i t  ( In j ec t ion  time f o r  A-1  + 60 days f l i g h t  time). 
F i r s t  o r b i t  ( In j ec t ion  t i m e ,  U. T. = 248" 4h 0% Os, 19641. 
One o r b i t  ( In j ec t ion  time f o r  A-4 + 30 days f l i g h t  t ime).  
One o r b i t  ( In j ec t ion  time f o r  A-4 -t 60 days f l i g h t  time). 
F i r s t  o r b i t  ( In j ec t ion  time, U. T. = 253 1 0 0 , 1964). 
One o r b i t  ( In j ec t ion  time f o r  A-7 + 30 days f l i g h t  t ime) .  
One o r b i t  ( In j ec t ion  time f o r  A-7 + 60 days f l i g h t  t ime).  
F i r s t  o r b i t  ( In jec t ion  time, U. T. = 253 3 30m Os, 1964). 
One o r b i t  ( In j ec t ion  time f o r  A-10 + 30 days f l i g h t  time). 
One o r b i t  ( In j ec t ion  time f o r  A-10 + 60 days f l i g h t  time). 
F i r s t  o r b i t  ( In jec t ion  time, U .  T. = 258 1- 0 0 , 1964). 
One o r b i t  ( In j ec t ion  t i m e  f o r  A-13  + 30 days f l i g h t  t i m e ) .  
One o r b i t  ( In j ec t ion  time f o r  A-13  + 60 days f l i g h t  time). 
F i r s t  o r b i t  ( In jec t ion  t i m e ,  U. T.  = 258 3 0 0 , 1964). 
One o r b i t  ( In j ec t ion  t i m e  f o r  A-16 + 30 days f l i g h t  t ime).  
One o r b i t  ( In j ec t ion  time for A-16 + 60 days f l i g h t  t ime) .  
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APPENDIX B 
EmTH AND MOON ANGLES 
LIST OF FIGURES FOR APPENDIX B 
Figure 
B-1 Corrected Earth Angle ( Inject ion time, U.T. = 248 1 0 0 , 1964). 
B-2 Corrected Earth Angle ( Inject ion time, U.T. = 248 4 0 0 , 1964). 
.B-3 Corrected Earth Angle ( Inject ion time, U.T. = 253 1 0 0 , 1964). 
B-4 3Gm Os, 1964). 
e-; Czrrected Earth Angle ( Inject ion time, U.T. = 258 1 0 0 , 1964). 
B-6 Corrected Earth Angle ( Inject ion time, U.T. = 258 3 0 0 , 1964). 
B-7 Moon Angle ( In jec t ion  time, U.T. = 248 1 0 0 , 1964). 
B-8 Moon Angle ( In jec t ion  t i m e ,  U.T. = 248 4 0 0 , 1964). 
B-9 Moon Angle ( In jec t ion  t i m e ,  U.T. = 253 1 0 0 , 1964). 
B-10 
B-11 Moon Angle ( I n j e c t i o n  t i m e ,  U.T. = 258 1 0 0 , 1964). 
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d h m s  
-,a h 
Corrected Earth Angle ( Inject ion time, U.T. = 2 > ~  3 
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d h  m s 
Moon Angle ( In jec t ion  t i m e ,  U.T. = Z>J --vd 2 7h JU 7nm os, 1-96!;). 
d h m s  
d h m s  
B-12 Moon Angle ( In jec t ion  time, U.T. = 258 3 0 0 , 1964). 
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APPENDIX C 
SPACECRAFT ANGLES 
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